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(54) Switching a call to a terminal in an aircraft through a satellite link 



(57) A data transmission system, which comprises 
a terminal (MS) and a gateway-mobile services switch- 
ing centre (GMSC1) and means (BSC1, BTS1; AGW, 
GES, SAT, SC, IP, GES, SAT) for establishing a data 



transmission connection comprising a satellite link 
(GES, SAT, SC) between the terminal (MS) and the 
gateway-mobile services switching centre (GMSC1). 
Said system comprises means (MUX, BF) for interleav- 
ing at least two calls on the same satellite channel. 
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Description 

[0001] The present invention relates to a data trans- 
mission system, a network element and a method for 
switching a call to a terminal in an aircraft over a satellite $ 
link. 

[0002] As mobile communication networks have di- 
versified to offer in addition to the transfer of speech a 
wide range of other increasingly diversified services, as 
uninterrupted access as possible to one's own user in- 
terface and own service range Is extremely important 
Due to standardisation and co-operation between tele- 
communications operators, it is possible for subscribers 
of a mobile communication network to be reached with 
the help of a single number already in a very extensive 
geographical area. However, there are still many places 
where the use of services of a mobile communication 
network is difficult or even impossible. Some of these 
are aircraft and other means of transport, wherein the 
use of a mobile station is forbidden for safety reasons 
or impossible because of the speed of the transport 
means. Therefore, there has indeed been a great need 
to solve the problem for managing calls between an air- 
plane and a terrestrial telephone network (fixed net- 
works, mobile communication networks). In order to 
solve the problem, the publication WO 96/02093 
presents a network of base stations on the ground from 
where a radio connection based on CDMA technology 
would be established to an airplane. Because of the high 
speed of airplanes, big frequency changes occur due to 
the Doppler effect, whereupon the receiving of signals 
is impaired both towards terrestrial base stations and 
towards the antenna of an airplane. Therefore, a tele- 
phone connection to an airplane is currently managed 
mainly through a satellite link. The publication WO 
98/21 838 presents the utilisation of a satellite link be- 
tween an airplane and a terrestrial network. 
[0003] In the airplanes of some airline companies, 
there Is installed one or more public telephones, which 
provides passengers with an opportunity if they so de- 
sire to make a call to the ground through a satellite link. 
Normally, the telephones are part of an In- Flight Enter- 
tainment (IFE) system and, typically, comprise a card 
reader with the help of which invoicing can be automat- 
ically directed at a user's credit card account. When the 
user has connected, in connection with a first call, his 
data to a given telephone the connection can also be 
used with special arrangements towards the passenger. 
However, the service is based on connecting the per- 
sonal data and the payer data and, thus, it is typically 
not connected with the passenger's subscriber data on 
the ground. This being the case, for example, the use 
of intelligent services, such as transfers of conditional 
calls provided by telecommunication networks does not 
function when the subscriber is in an airplane. Because 
the both-way nature of traffic is based on the passen- 
ger's activity and the passenger may hesitate to estab- 
lish a connection due to the expensiveness of a satellite 



link, said arrangement as such does not significantly im- 
prove access to services of a mobile communication 
network during flights. 

[0004] The patent publication WO 98/26521 de- 
scribes a system according to Figure 1 for implementing 
a both-way data transmission carried out through a radio 
interface, during a flight to a subscriber in an aircraft. 
Said system comprises a Ground In-flight System Con- 
troller GISC, which maintains and provides routing data 
related to system subscribers. The GISC contains a Vis- 
itor Location Register VLR and it is connected to a Home 
Location Register HLR, a Gateway Mobile Switching 
Centre G-MSC, a Public Switched Telephone Network 
PSTN.TheGISC is further connected through asatellite 
link to an Aircraft In-flight System Controller AISC. The 
subscriber has a smart card whereto a PSTN Calling 
Card Number CCN is connected or he gives his CCN 
by keying it directly in the telephone, whereupon the 
AISC connects the CCN to the data of the telephone in 
the airplane. The AISC informs the controller GISC of 
the registration of the CCN, which also updates the in- 
formation for the home location register HLR. A call 
made to the CCN is routed on the basis of the number 
to the gate mobile switching centre G-MSC, which on 
the basis of the subscriber data provided by the HLR 
routes the call through the controller GISC on the sys- 
tem controller AISC. On the basis of the CCN main- 
tained by it and the contact information of the telephone 
in the airplane, the AISC detects and connects the call 
to a subscriber according to the CNN. The presented 
solution enables the monitoring of a subscriber of a mo- 
bile communication network to an aircraft with call trans- 
fer-like arrangements. The identification of a subscriber 
is based on the CCN provided by the subscriber or read 
from a smart card. Thus, only an extremely limited 
number of services of a mobile communication network 
could be made available with said arrangements, be- 
cause without a solid identification operators will prob- 
ably not agree to assume responsibility for the invoicing 
of services, and invoicing would still have to be man- 
aged in another way. 

[0005] Another problem in satellite connections ac- 
cording to prior art for carrying out satellite calls, is the 
link's capacity. A satellite channel is circuit-switched 
and, at the moment, one call over a satellite link keeps 
one satellite channel reserved. This presupposes that a 
continuous reservation of a satellite channel is main- 
tained over a satellite between the controller GISC and 
the network element AISC in the aircraft, which makes 
the providing of services extremely expensive and the 
capacity small and, this being the case, a single satellite 
channel is only capable of serving one call. 
[0006] Now, a method and a system have been in- 
vented for transferring data, such as speech, over a sat- 
ellite link to an aircraft, such as an airplane. 
[0007] The invention is based on the idea that in con- 
nection with a satellite link, both on the ground and in 
an aircraft, at least one unit is arranged, which enables 
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a connection between a subscriber in the aircraft and a 
terrestrial network over an unconditional satellite link, 
and which multiplexes at least two calls on the same 
satellite channel. Preferably, the unit on the ground 
maintains the signalling connection towards the terres- 
trial network and, in the aircraft, correspondingly to the 
terminal in the aircraft and only reserves the satellite link 
when required, and when more than one calls are com- 
ing to the unit, it multiplexes the calls that come later to 
the already reserved satellite channel in so far as there 
is space on the channel. Preferably, the signalling of all 
the calls that are managed through the satellite link is 
managed on a common signalling channel. When sig- 
nalling is managed separately, it does not reserve re- 
sources from the call channel (as in a solution according 
to prior art). With the help of the invention, it is possible 
to manage over one and the same satellite channel even 
4-8 calls at its best simultaneously. 
[0008] Preferably, the unconditional use and multi- 
plexing of a satellite link are implemented by network 
elements, one of which is on the ground and the other 
in an aircraft, connected to units that control the satellite 
link. Preferably, packet switched data transmission is 
utilised in part of the connections. Preferably, packet 
switched data transmission is used between a ground 
station on the ground and a terrestrial network, for ex- 
ample, a switching centre of a mobile network. Packet 
switched data transmission is also suitable for use in an 
aircraft, whereupon a radio interface can be implement- 
ed to a subscriber's own mobile station, preferably ac- 
cording to the Wireless Local Area Network protocol. 
Preferably, traffic in the satellite link is circuit switched. 
The invention preferably utilises a network element 
which, apart from the satellite transceiver itself, manag- 
es the traffic and the conversion of signals between the 
satellite link and the network that is on the other side of 
the network element. Further, the network element in 
question manages the opening and closing of the satel- 
lite channel and the multiplexing of calls (whereas in pri- 
or art, the opening and closing of a satellite channel is 
managed in connection with the satellite transceiver). 
[0009] With the help of the invention, an advanta- 
geous opportunity can be provided for a passenger of 
an aircraft for also utilising services of one's own data 
transmission network during a flight. Preferably, a sub- 
scriber can also be reached with the subscriber's own 
subscriber number during a journey. Roaming is earned 
out substantially automatically and invoicing can be 
managed safely with the help of the invoicing system of 
one's own data transmission network. On the ground, a 
company's own network structure can be utilised on the 
ground, whereupon costs from data transmission imple- 
mented on the ground decrease. An unconditional con- 
nection and the multiplexing of a plurality of calls on the 
same speech channel with a satellite connection reduc- 
es the reservation of satellite resources per call, which 
has a significant effect on the costs resulting from the 
arrangement of in-flight connections. 
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[0010] According to a first aspect of the invention, 
there is implemented 

a data transmission system for switching a call to a ter- 
minal in an aircraft over a satellite link, which system 
5 comprises 

a terminal to be used in an aircraft; 
a terrestrial network, and 

a satellite link between the aircraft and the terrestrial 
10 network, and it is characteristic of the system that it 
comprises means for interleaving at least two calls 
on the same satellite channel. 

[001 1 ] Preferably, the system further comprises 

15 

a first network element on the ground between the 
terrestrial network and the satellite link; 
a second network element in the aircraft between 
the satellite link and the terminal of the aircraft; and 
20 that 

at least one of said first and second network ele- 
ments comprises said means for interleaving at 
least two calls on the same satellite channel. 

25 [001 2] Preferably, at least one of said fi rst an d secon d 
network elements is arranged to open a data transmis- 
sion connection on a channel of a satellite link according 
as there is information to be transmitted and to close 
said data transmission connection when there is no in- 

30 formation to be transmitted. 

[0013] Further, according to a preferred embodiment 
of the invention said terrestrial network comprises a mo- 
bile communication network, which comprises a mobile 
services switching centre functionally connected to said 

35 first network element and a terminal of the mobile com- 
munication network, and that said terminal of the mobile 
communication network comprises means for establish- 
ing a connection to said second network element for op- 
erating as a terminal of an aircraft. 

40 [0014] In a preferred embodiment of the invention, 
said interleaving is carried out by time-division multi- 
plexing the information to be transmitted to a channel of 
a satellite link. 

[001 5] According to a second aspect of the invention, 
45 there is implemented a network element that is in con- 
nection with a satellite link for switching a call on a chan- 
nel, which network element comprises means for receiv- 
ing the information from the satellite link and transmitting 
the information to the satellite link, and it is characteristic 
so of the network element that it comprises means for in- 
terleaving at least two calls on the same satellite chan- 
nel. 

[0016] According to a third aspect of the invention, 
there is implemented a method for switching a call to a 
55 terminal in an aircraft over a satellite link, and it is char- 
acteristic of the method that, in the method, at least two 
calls are interleaved on the same channel of the satellite 
link. 
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[001 7] Other preferred embodiments of the invention 
are presented in the dependent claims. 
[0018] In the following, the invention will be described 
in detail by referring to the enclosed drawing, in which 

Figure 1 shows an arrangement according to pri- 
or art for implementing both-way data 
transmission to be carried out through a 
radio interface during a flight to a sub- 
scriber in an aircraft; 

Figure 2 illustrates a preferred embodiment of the 
invention; 

Figures 3a shows a preferred protocol stack of the 
arrangement according to Figure 2 for 
signalling traffic, and; 

Figures 3b corresponding protocols for voice com- 
munication; 

Figure 4 shows a solution for an aircraft, where a 
set of WLAN terminals are integrated in- 
to the seats of the aircraft; 

Figure 5 is a simplified block diagram that illus- 
trates the equipment architecture of an 
aviation gateway AvGW; 

Figure 6 is a simplified block diagram that illus- 
trates the equipment architecture of a 
terrestrial gateway TeGW; 

Figure 7 illustrates a second preferred embodi- 
ment of the invention; 

Figure 8 shows the coverage areas of Inmarsat 
satellites; 

Figure 9 illustrates a third preferred embodiment 
of the invention; 

Figure 1 0 illustrates the implementation of a mes- 
sage transfer part gateway MTP GW 
shown in Figure 9, with the help of pro- 
tocol layers; and 

Figure 1 1 illustrates the functional structure of an 
aviation gateway AvGW, wherein the op- 
eration of an aviation gatekeeper AvGK 
is included. 

[0019] The invention is described by referring to Fig- 
ures 2-11 and by examining the implementation of sub- 
scriber reachability in the GSM mobile communication 
system when the subscriber is moving from one place 
to another. It should be noted that the invention can also 
be applied to other mobile communication systems and, 
thus, the network elements used in the description and 
the terms used for them should not be interpreted so as 
to restrict the scope of the invention. The GSM system 
is a highly standardised system, the technology of which 
is well known to a person skilled in the art due to exten- 
sive documentation. 

[0020] Figure 2 illustrates a preferred embodiment of 
the invention. Typically, a mobile station subscriber has 
the use of a mobile station MS suitable for both-way traf- 
fic. When being in the operating area of its own network 
(location POS1), the mobile station MS is in connection 



overthe radio path, with base transceiver stations BTS1 
of its own network. Each base transceiver station BTS1 
is further in connection with a base station controller 
BSC1 , which controls and administers a plurality of base 

5 transceiver stations. The entity formed by a plurality of 
base transceiver stations BTS1 (typically, some dozens 
of base transceiver stations) and a single base station 
controller BSC1 that controls them, is called a Base Sta- 
tion Sub-system BSS. The base station controller BSC1 

10 is in connection with a Gateway-Mobile services Switch- 
ing Centre G-MSC1 , which co-ordinates with the help of 
a Home Location Register HLR and a Visitor Location 
Register VLR connections to mobile stations (the regis- 
ters are not shown in the figure). Through the gateway- 
's mobile services switching centre G-MSC1 , a connection 
is further established to outside the mobile communica- 
tion network. Calls directed to the subscriber are routed 
on the basis of a subscriber number to the gateway-mo- 
bile services switching centre G-MSC1 . 

20 [0021] When moving away from the area of its own 
network, the mobile station MS possibly moves into the 
area of a visiting network administered by a second op- 
erator (location POS2) and if an agreement has been 
made between the operators, the subscriber has the 

25 possibility of roaming in the visiting network. In this case, 
calls from the subscriber and to the subscriber are rout- 
ed through the visiting network's base station sub-sys- 
tem BTS2, BSC2 and visiting centre G-MSC to one's 
own centre G-MSC1 and vice versa. Due to the agree- 

30 ment between operators, subscriber-specific invoicing 
and statistical data are updated from mobile communi- 
cation systems' one operation and maintenance system 
to another, whereupon invoicing takes place through 
one's own operator. Thus, roaming from one network to 

35 another takes place substantially automatically from the 
subscriber's viewpoint, without separately attending to 
the matter. 

[0022] As was already mentioned above, until now the 
reachability of a mobile subscriber during a flight has 

40 been based on fairly expensive and clumsy aircraft-spe- 
cific solutions, where particularly the receiving of basic 
services has been impossible or based on fairly compli- 
cated and expensive call forwarding arrangements. Fig- 
ure 2 illustrates an arrangement according to the first 

45 embodiment of the invention, which also enables the 
provision of more diversified services economically for 
passengers in an aircraft. 

[0023] Recently, new solutions have been presented 
for integrating data transmission functions of companies 

so so that a subscriber of a mobile communication network, 
when moving into the premises of his own company, 
changes over to use in data transmission the company's 
internal network. The applicant's earlier patent applica- 
tion WO 99/48311 presents a solution for combining a 

55 public and private data transmission networks so that 
when the subscriber is in the office, calls are routed to 
him through the company network and when the sub- 
scriber moves outside the company network's operating 
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area, he will automatically be registered in a public mo- 
bile communication network. In the implementation of 
the present invention, it is possible to utilise network el- 
ements known from the publication mentioned above. 
[0024] Figure 2 illustrates a comprehensive system 5 
relating to the invention. It shows the mobile telephone 
networks of two different operators, whereupon when 
the mobile station MS is in the operating area POS1 , it 
is in the area of the mobile telephone network of a first 
operator, which network is illustrated by a gateway-mo- 
bile service switching centre G-MSC1 , a base station 
controller BSC1 and a base transceiver station BTS1 . 
When the MS in the operating area POS2, it is in the 
area of the mobile telephone network of a second oper- 
ator, which network is illustrated by a gateway-mobile 
service switching centre G-MSC2, a base station con- 
troller BSC2 and a base transceiver station BTS2. The 
different mobile telephone networks are in connection 
with each other through the gateway-mobile service 
switching centres G-MSC1 and G-MSC2. The mobile 
telephone network G-MSC1 is further in connection with 
an operator's network O-LAN through an A-Gateway 
AGW. The A-gateway AGW converts PCM -based 
(pulse code modulated) communication into IP-based 
(Internet Protocol). 

[0025] For implementing aircraft-related communica- 
tion according to the invention, there is in the figure, on 
the left-hand side of the IP network an arrangement for 
this purpose according to one embodiment. A connec- 
tion comes over the packet-switched IP network to a ter- 
restrial gateway TeGW, which establishes a connection 
towards an aircraft through a satellite connection GES, 
SAT to the aircraft, where there is a local network ad- 
ministered by an aviation gateway AvGW for terminals 
(which preferably is a wireless short range network). In 
the following, the section in the figure 2 on the left-hand 
side of the IP network will be called an aircraft network, 
wherein the entity formed by elements SC, AvGW, AP 
and MS in the aircraft will be called an air network and 
the entity formed by elements IMS, MTS and BTS will 
be called a ground network L-LAN. 
[0026] In the operator's network O-LAN, the A-gate- 
way AGW preferably connected to the gateway-mobile 
service switching centres G-MSC1 through an A inter- 
face manages routing and signalling between the air- 
craft network and the mobile communication network. 
Towards the gateway-mobile service switching centre 
G-MSC1 , the A-gateway AGW has a conditional con- 
nection, whereupon the aircraft network seems to the 
gateway-mobile service switching centre G-MSC1 as a 
single base station sub-system BSS, which has its own 
Location Area Code LAC. Thus, towards the aircraft net- 
work, the AGW operates in the packet-switched mode, 
preferably according to the specification H.323 relating 
to the ITU (International Telecommunication Union) mul- 
timedia data transmission, i.e. converts communication 
from PCM format into IP format and vice versa. The 
gatekeeper AGW, which can be used in the present in- 



vention, is described in the patent application WO 
99/48311 mentioned above. 

[0027] The mobile communication system comprises 
a conventional home location register HLR (not shown 
in the figure) for preserving permanent subscriber data 
and one or more visitor location registers VLR (not 
shown in the figure) for preserving the subscriber data 
required in the establishment of a connection when the 
subscriber is registered in the area of a visitor location 
register. The operator's network O-LAN also has an In- 
tranet Location Register ILR for maintaining subscriber 
data as for the aircraft network. All terminals configured 
in the aircraft network are registered in the intranet lo- 
cation register ILR, and when a terminal is in the aircraft 
netwonV operating area (location POS3 or POS5), said 
ILR specifications become valid. The intranet location 
register ILR operates further as an access controller, for 
example, to the home location register HLR, visitor lo- 
cation register VLR, invoicing system and intelligent 
services of the mobile communication system imple- 
menting the required database searches and upgrades 
for enabling services to be implemented through the air- 
craft network. 

[0028] With the help of the arrangement shown in Fig- 
ure 2 a subscriber may operate with the help of the same 
mobile station either through a terrestrial small local ar- 
ea network, i.e. ground network (POS5) or through the 
local area network of an aircraft, i.e. an air network 
(POS3) without having to separately take care of the im- 
plementation of optimised reachability. The subscriber 
may use, for example, a dual-mode terminal, which 
comprises a conventional mobile station part and a 
WLAN part so that the terminal preferably operates in 
the WLAN mode when it has an opportunity to establish 
a connection to the air network of the aircraft network 
(location POS3) or a WLAN Access Point AP, i.e. a base 
transceiver station (described in more detail in Figure 4) 
arranged in the ground network (location POS5). As for 
the WLAN functionality, a reference is made, e.g. to the 
IEEE Standard 802.11 (The Institute of Electrical and 
Electronics Engineers) and the publication WO 
99/48315. 

[0029] A satellite link to be used for a network element 
according to the invention is transparent and, thus, any 
current (circuit-switched) system can act as a satellite 
link. At the moment, alternative systems are, for exam- 
ple, Inmarsat H/H+, Iridium, Teledesic. A satellite con- 
nection from a terrestrial gateway TeGW can be estab- 
lished through a satellite server GES. The administrator 
of the server GES can be, for example, a satellite com- 
pany, a telephone operator, an airline company or a mo- 
bile telephone operator and, typically, the satellite link 
provides a limited number of conditional connections. 
[0030] In the invention, a channel of its own is re- 
served for signalling and calls are switched on separate 
speech channels. A plurality of calls are multiplexed on 
the same speech channel and preferably, the signalling 
of all the speech channels is managed on one common 



15 



20 



25 



30 



35 



40 



45 



50 



5 



9 



EP 1 096 699 A2 



10 



signalling channel. Speech and signalling channels are 
outlined in Figures 3a and 3b, which show the principle 
by way of example using for the speech channels by a 
satellite link CEPT E1 -signalling (Conference of Euro- 
pean Post and Telephone Administrations), which is 
controlled with the help of 2-layer LAPD (Link Access 
Procedure on the D-channel) protocol, i.e. LAPD is used 
on a separate signalling channel. It should be noted that 
although here the invention is presented with the help 
of an E1 link, neither the presented protocols nor the 
terms used in connection with them should be consid- 
ered as restricting the scope of protection. 
[0031] In the embodiment according to Figure 2, a sat- 
ellite channel is dynamically reserved either by a terres- 
trial gateway TeGW or by an aviation gateway according 
to the direction of the call. In this embodiment, traffic on 
the ground and in the aircraft is preferably of IP (Internet 
Protocol), i.e. packet mode. In this case, when a packet 
to be transmitted arrives at the gateway TeGW or AvGW, 
the gateway in question initiates the establishment of a 
satellite connection and adapts the information con- 
tained by the packet to a satellite channel. The gateway 
adapts packets relating to different calls to the same sat- 
ellite channel, whereupon it is possible to manage even 
as many as 4-8 calls over a single satellite channel. This 
is possible when the satellite channel is implemented as 
a 64-kbps channel. In this case, e.g. a full rate call of 
the GSM system takes 1 6 kbps, whereupon four full rate 
calls of this type can be time-division multiplexed on the 
same satellite channel. Correspondingly, a half rate call 
takes 8 kbps, whereupon eight half rate calls can be 
time-division multiplexed on the same satellite channel. 
The packet size in TCP/IP protocol is 64 kbps, but most 
of it is overhead data and the actual information part is 
approximately 13.3 - 16 kbps, whereupon in practice, 
the information contained by a single packet fits in a sin- 
gle multiplexed portion on a satellite channel when full 
rate calls are being transferred. Thus, the information of 
even 4 different TCP/IP packets can be transferred on 
a single satellite channel. A connection on the satellite 
channel is opened when there are not yet any calls and 
when a first call comes in. When a second call comes 
in on the channel, there is no need to open the connec- 
tion anymore if one call is already being managed on 
the channel in question, but the next call will be multi- 
plexed on the already opened channel. 
[0032] I n one embodiment of the present invention , a 
subscriber's terminal MS is preferably a WLAN mobile 
station, which is a single-mode H.323 compatible wire- 
less WLAN mobile station or a dual-mode mobile station 
comprising both said WLAN functionalities and the func- 
tionalities of a mobile communication network (e.g. 
GSM). One dual-mode mobile station of this type is pre- 
sented in the above-mentioned publication WO 
99/48315. Figure 3a shows a preferred protocol stack 
of the arrangement according to Figure 2, i.e. Figure 3a 
shows the protocol used on a separate common signal- 
ling channel according to the invention and Figure 3b 



shows, respectively, preferred protocols for the actual 
call traffic (data or speech), i.e. Figure 3a shows the 
used protocol for the information of a call, which is used, 
e.g. in the invention for calls multiplexed to a speech 

5 channel of a satellite connection. In Figures 3a and 3b, 
the markings AGW, TeGW, AvGW and MS present the 
corresponding elements in Figure 2 and, thus, Figures 
3a and 3b show protocol stacks of these devices in the 
arrangement shown in Figure 2. In Figure 3a, the pro- 

10 tocol of the aircraft's access network is WLAN according 
to the IEEE 802.11 standard and the multimedia stand- 
ard is H.323 (shown in Figure 3a under the markings 
AvGW and MS). Hence, the terminal MS to be used in 
an airplane can be a subscriber's own device, which 

15 lacks the radio parts that are unsuitable for an aircraft 
or the parts have been switched off or a fixed terminal 
installed in the aircraft. 

[0033] Figure 4 shows one embodiment according to 
the invention, where a set of WLAN terminals MS are 

20 integrated into the seats of an aircraft which, thus, are 
wireless equipment, which preferably have a battery the 
charging of which takes place, e.g. from DC chargers of 
a DC network DC integrated into the seats. Preferably, 
communication in the airplane is implemented with the 

25 help of a wireless, short range connection, which can 
be said connection according to the WLAN standard by 
means of which a few dozen metres long range can be 
achieved or, for example, a LPRF (Low- Power RF) con- 
nection according to the Bluetooth standard by means 

30 of which a range of about ten metres is achieved. For 
this, a WLAN or LPRF module is further integrated, e.g. 
into an ordinary GSM mobile phone. This being the 
case, a mobile phone of a mobile communication sys- 
tem can also be used in an airplane, optimised by one's 

35 own phone number and at an optimised call price. Cur- 
rently, this is not possible because the high-power (and 
bursty) transmissions of a mobile communication sys- 
tem cause interference in the control equipment of air- 
planes. 

40 [0034] In the arrangement according to Figure 4, a 
mobile subscriber when stepping in an aircraft moves 
the identification module of a mobile communication 
system, typically his SIM (Subscriber Identity Module) 
card, into a terminal integrated into his seat, whereupon 

45 the terminal initiates a location updating function. If the 
user has in his use a H-323 compatible wireless WLAN 
mobile station, the location updating function will be in- 
itiated automatically without the subscriber's own activ- 
ities. Subscriber identification takes place with the help 

so of the SIM card according to the mobile communication 
network's strict principles of identification. Identification 
can also be arranged to take place on the basis of some 
other smart card or, for example, an electronic finger- 
print but, in this case, the solid identification typical of 

55 mobile communication systems must be managed pro- 
grammable 

[0035] Mobile stations MS communicate with the air- 
craft's ordered WLAN Radio Access Points RAP. The 
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access points RAP operate as small range base stations 
providing radio coverage for the aircraft, e.g. on the fre- 
quency bands of 2.4 GHz or 5 GHz. Typically, one RAP 
is capable of communicating with more than one termi- 
nal. The access points RAP are connected to an aviation 
gateway AvGW arranged in the airplane, preferably 
through the Ethernet or Token Ring LAN. For example, 
Nokia A020 and Nokia A021 Wireless LAN Access Point 
products are known as such access points RAP. Fur- 
thermore, the system in the airplane may include a cabin 
management terminal CMT, which is placed in the cock- 
pit of the airplane and by which call traffic can be allowed 
or switched off, depending on the situation. This terminal 
CMT can be a simple ON/OFF switch or a more sophis- 
ticated computer-like terminal comprising a graphical 
access by which traffic on separate channels can be 
monitored and controlled. 

[0036] The aviation gateway AvGW is a unit, which 
according to Figures 3a and 4 comprises a functionality 
for converting H.323 traffic from the protocol format 
used in an airplane into the protocol format of a satellite 
link and vice versa, i.e. in this case, between the WLAN 
and the LAPD (Link Access Procedure on the D-chan- 
nel) -controlled E1 signal flow. The signalling of even 
100 calls can be managed on a single signalling chan- 
nel, i.e. LAPD channel. The simplified block diagram in 
Figure 5 illustrates the equipment architecture of the avi- 
ation gateway AvGW. The AvGW comprises a first ac- 
cess unit IF1 , which receives data units from access 
points RAP and supplies data units to access points 
RAP according to the protocol (here: WLAN) used in the 
aircraft. The AvGW further comprises a second access 
unit IF2, which receives data units from a satellite data 
transmission unit SC and supplies data units to a satel- 
lite data transmission unit SC according to the protocol 
(here: LAPD/E1) used in satellite traffic. The AvGW also 
comprises a memory MEM for preserving programma- 
bly implemented algorithms and a processor CP1 for re- 
trieving said algorithms from the memory M EM1 and for 
processing them for implementing the functionalities of 
the aviation gateway AvGW. According to the invention, 
the functionality of the aviation gateway AvGW compris- 
es giving a satellite connection establishment request 
to the satellite data transmission unit SC in response to 
the connection establishment request of some mobile 
station MS registered in the aircraft. According to the 
invention, the functionality of the aviation gateway 
AvGW also comprises responding to the satellite con- 
nection establishment request in response to an estab- 
lishment request obtained through the satellite data 
transmission unit SC (shown in Figure 2) and initiating 
the establishment of the connection to the mobile station 
MS in response to a connection establishment message 
received from the satellite data transmission unit. 
[0037] On the other side of a satellite link SAT, a cor- 
responding network unit terrestrial gateway TeGW is 
functionally connected to the satellite server GES, which 
TeGW contains a functionality for forwarding telecom- 



munication between the satellite link and the gateway- 
mobile services switching centre G-MSC1 . In the exam- 
ple shown in Figure 2, the connection is implemented in 
the packet-switched mode. The simplified block dia- 

5 gram in Figure 6 illustrates the equipment architecture 
of the terrestrial gateway TeGW. The TeGW comprises 
a first access unit IF3, which receives data units from 
the satellite server GES and supplies data units to the 
satellite server GES according to the protocol (here: 

10 LAPD/E1 ) of the satellite link. The TeGW further com- 
prises a second access unit IF4, which receives data 
units from a packet-switched data transmission network 
IP and supplies data units to the packet-switched data 
transmission network IP according to the protocol (here: 

15 IP) used in the network. The TeGW also comprises a 
memory MEM2 for preserving programmabfy imple- 
mented algorithms and a processor CP for retrieving 
said algorithms from the memory MEM2 and for 
processing them for implementing the functionalities of 

20 the terrestrial gateway TeGW. According to the inven- 
tion, the functionality of the terrestrial gateway TeGW 
comprises giving a satellite connection establishment 
request to the ground station GES in response to a con- 
nection establishment request received from the gate- 

25 way-mobile services switching centre G-MSC1 . Accord- 
ing to the invention, the functionality of the terrestrial 
gateway TeGW also comprises replying to the satellite 
connection establishment request in response to the es- 
tablishment request obtained through the ground station 

30 GES and initiating the establishment of the connection 
in response to a connection establishment message re- 
ceived from the gateway-mobile services switching cen- 
tre G-MSC1. 

[0038] As can be seen from above, the AvGW does 

35 not require a continuous connection to terrestrial net- 
work elements, but the connection is an input connec- 
tion that functions according to the data units obtained 
from the satellite data transmission unit SC or supplied 
to the satellite data transmission unit. This effects a con- 

40 siderable saving in the use of a satellite resource and, 
thus, also in costs resulting from the arrangement. 
[0039] In the following, the presented arrangement 
will be described with the help of signalling and commu- 
nication relating to call set-up. The signalling of an MT 

45 (Mobile Terminating) call terminating at a mobile station 
MS located in an airplane is routed on the basis of the 
number to a gateway-mobile services switching centre 
G-MSC1 and from the centre on the basis of the location 
area to an A-gatekeeper AGW. According to Figure 3a, 

so the AGW converts the signalling of a mobile communi- 
cation network into the packet mode, preferably into H. 
323 signals, and packs the signals into the protocol for- 
mat LAN of a local area network, which is preferably IP. 
The AGW routes the data packets to a gatekeeper MTS 

55 (Mobile Telephony Server). The MTS broadcasts paging 
through all the IMC (Intranet Mobile Cluster) units ad- 
ministered by it and, on the basis of the reply it receives, 
it routes the data packets arrived for the subscriber to a 
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terrestrial gateway TeGW. The TeGW carries out a pro- 
tocol conversion for the received data packets for a sat- 
ellite link, typically into LAPD (Link Access Procedure 
on the D-channel) -controlled E1 signal flow, and opens 
a satellite link through the ground station GES. 
[0040] A gatekeeper MTS is an element on the side 
of an aircraft network that implements the controlling of 
connections. In the aircraft network, a incoming call for 
a subscriber who is either in an air network (location 
POS3) or in a ground network (location POS5) is routed 
on the basis of the location area to an A-gatekeeper 
AGW, which routes the data packets to the gatekeeper 
MTS. The MTS broadcasts paging through all the IMC 
units administered by it and, on the basis of the reply it 
receives, routes the data packets arrived for the sub- 
scriber to the right address on the basis of the IP ad- 
dress. A gatekeeper that can be used in the present in- 
vention is described in the above-mentioned patent ap- 
plication WO 99/4831 1 , where it is referred to by the ac- 
ronym WIO GK (Wireless Internet Office Gate Keeper). 
In prior art, commercial H.323 gatekeepers are also 
known. 

[0041] IMC units are substantially controllers that im- 
plement functions of a base station controller BSC in a 
packet switched environment. The IMC controls through 
a conditional connection one or more base transceiver 
stations BTS3 subordinated thereto, and converts the 
packet mode communication of a ground network L- 
LAN into a format supported by the base transceiver sta- 
tion BTS3. The IMC also controls possible handovers 
and power regulation functions during a call. An IMC 
unit, which can be used in the present invention, is de- 
scribed in the above mentioned patent application WO 
99/48311. 

[0042] The AvGW carries out a protocol conversion 
for the signal flow obtained over the satellite link and the 
satellite data transmission unit SC into the protocol for- 
mat of the internal access network of the airplane, which 
preferably is WLAN according to the IEEE 802.11 stand- 
ard. At a radio interface, Low Power Radio Frequencies 
(LPRF) can preferably also be utilised. When a connec- 
tion has been established, call traffic between the ter- 
minal MS and the aviation gateway AvGW is implement- 
ed according to Figure 3b, preferably according to Real 
Time Protocol (RTP), and the AvGW comprises a func- 
tionality for packing data in TRAU frames for the E1 con- 
nection of the satellite link. Thus, in this example of the 
invention, the actual call information (i.e. 16kbps or 
8kbps) is packed in TRAU frames, which are multi- 
plexed to a speech channel, whereupon in the present- 
ed example, 4-8 TRAU frames are transferred on a sin- 
gle speech channel. The circle GTO+ Illustrates a func- 
tionality of the system controller AvGW for mapping RTTP 
gate numbers into E1 times lots and vice versa. 
[0043] Preferably, the AvGW also comprises a contin- 
uously operating operation and maintenance function- 
ality, which collects in the memory MEM 1 operating data 
on the aircraft and status data of the system, e.g. call 



statistics, identification data, alarm data, etc. A packet 
comprising said data is transmitted, e.g. according to a 
schedule agreed in advance or as a reply to polling by 
a terrestrial operation and maintenance function to an 
5 operation and maintenance system on the ground, 
which updates the events according to the received 
packets. The operation and maintenance system can 
be, e.g. an operator of a satellite operator, company net- 
work, mobile communication network or another net- 
10 work or some combination of the above, that takes care 
of operation and maintenance. In this case, the use of 
a satellite link required by the system is little, but it en- 
ables, e.g. automatic processing of invoicing data 
through a subscriber's own operator. Said data also en- 
's able a centralised and automated monitoring function of 
the system elements without a continuous satellite con- 
nection. 

[0044] It is possible to arrange for the crew of the air- 
craft a corresponding access or a so-called cabin man- 

20 agement terminal CMT (see Figure 4) to the aviation 
gateway AvGW so that also the crew are able to exam- 
ine the state of the equipment on the basis of the oper- 
ation and maintenance notices stored in the memory. 
Through said access CMT, it is possible for the crew to 

25 give the aviation gateway AvGW a switch-off command 
for the duration of the plane's take-off and landing. In 
response to the switch-off command, the AvGW gener- 
ates a switch-off signal to be transmitted to the terrestrial 
gateway TeGW on the basis of which the TeGW will gen- 

30 erate to the gatekeeper MTS a notice relating to the de- 
activation of its functions, after which the establishment 
of a connection to the aircraft is impossible until a new, 
corresponding activation notice generated on the basis 
of the activation command of the crew of the airplane, 

35 is received. 

[0045] Preferably, the aviation gateway AvGW also 
comprises a functionality on the basis of which, in the 
event of an outgoing MO (Mobile Originating) call from 
a terminal MS in an aircraft, the gatekeeper checks from 

40 a memory MEM, whether a subscriber B that receives 
the call is also registered under the gatekeeper AvGW. 
If this is the case, the AvGW will route the call directly 
inside the airplane, whereupon unnecessary loading of 
the satellite link will be avoided. 

45 [0046] Figure 7 shows a second embodiment of the 
arrangement according to the invention. In the present- 
ed embodiment, the operator's network O-LAN is 
through an IP network in connection with the airpoifs 
own network AP LAN, the gatekeeper MTS of which 

so takes care of the management of connections for sev- 
eral parties, e.g. several airline companies. In Figure 7, 
the gateway-mobile services switching centre G-MSC1 
of a mobile communication network is through the A- 
gateway AGW in connection with the airport's network 

55 AP LAN. In between the gateway-mobile services 
switching centre G-MSC1 and the A-gateway AGW, 
there is typically a Transcoder Sub Multiplexer TCSM, 
which is not shown in Figure 2 for the reason of simplic- 
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ity. From the gatekeeper MTS of the airport's network, 
there is an IP-switched connection to the aircraft net- 
work's terrestrial gateway TeGW, from where there is a 
connection to the aircraft in a manner similar to that 
shown in Figure 2. With the implementation example ac- s 
cording to Figure 7, there is a desire to illustrate that a 
connection to an aircraft can go hierarchically through 
a second network, here the airport's network AP LAN, 
which only serves and administers connections to dif- 
ferent airplanes, but not terrestrial base transceiver sta- 
tions, such as the gatekeeper MTS of a ground network 
L-LAN. This being the case, the gatekeeper MTS of the 
airport's network does not have to take care of all the 
functionalities relating to the administration of the mo- 
bility of a terrestrial system and so said keeper MTS can 
be implemented in a more simple way and, thus, more 
economically compared to the embodiment shown in 
Figure 2. The capacity of one terrestrial gateway TeGW 
is typically sufficient to take care of 110-120 GSM Full 
Rate speech channels and, thus, double the number of 
GSM Half Rate speech channels and so one TeGW is 
probably enough to manage the connections of the air- 
craft of one airline company in the coverage area of one 
ground station GES. In a similar manner as in Figure 2, 
gateways TeGW and AvGW manage the reservation of 
a satellite channel and the multiplexing of calls. 
[0047] Figure 8 shows the coverage areas of Inmarsat 
satellites. It can be seen from the figure that when flying, 
e.g. from Finland to the USA, during the journey the air- 
craft moves from the coverage area of one satellite into 
that of another. This means that the satellite link server 
GES that communicates with the aircraft's satellite data 
transmission unit SC also changes. Due to packet 
switched data transmission, Mobile IP functionalities 
can be utilised in roaming. Mobile IP is a protocol still 
being standardised, for a more detailed description of 
which a reference is made to the Internet Engineering 
Task Force (I EFT) software Request For Comments 
(RFC) 2002. Mobile IP describes the Home Agent (HA) 
of a network element to be connected to the home net- 
work of a mobile subscriber, which home agent when 
the subscriber moves away from the home network 
maintains the information on the subscriber's address 
and routes the data packets directed to the mobile sub- 
scriber to the address at which the subscriber is regis- 
tered at that moment. Due to this, data packets are rout- 
ed to the subscriber's new address (e.g. from one sat- 
ellite link server to another) without these being lost con- 
siderably when moving from one place to another. 
[0048] Figure 9 shows a third preferred embodiment 
of an arrangement according to the invention, where da- 
ta transmission to an aircraft is implemented substan- 
tially without an IP network. In this case, after the gate- 
way-mobile services switching centre G-MSC1 , no A- 
gatekeeper AGW that converts PCM traffic into IP traffic 
is required. Thus, in the solution according to Figure 9, 
traffic outside the satellite network, i.e. in the aircraft and 
on the ground is also continuous, i.e. circuit-switched. 



On the ground, the connection between the satellite 
server GES and the gateway-mobile services switching 
centre G-MSC1 is implemented in E1 format making use 
of a Message Transfer Part Gateway MTP_GW imple- 
menting unconditional link administration, which is func- 
tionally connected to theTansCoderSubMultiplexerTC- 
SM of the gateway-mobile services switching centre G- 
MSC1 . 

[0049] Figure 1 0 illustrates the implementation of the 
message transfer part gateway MTP_GW shown in Fig- 
ure 9 with the help of protocol layers E1/T1, MTP2-3, 
SCCP (Signalling Control and Connection) and BSSAP 
(Base Station Signalling Application Part), of which the 
SCCP and BSSAP are known layers from the A-inter- 
face of the GSM system. The interface between the 
message transfer part gateway MTP_GW and the gate- 
way-mobile services switching centre G-MSC1 is a nor- 
mal Ater (which is an interface known from the GSM sys- 
tem), and the signalling connection for the layers E1/T1 
and MTP2-3 is continuously operating. A bridge func- 
tionality BF of the message transfer part gateway 
MTP_GW maintains a continuously operating connec- 
tion towards the gateway-mobile services switching 
centre G-MSC1 , but initiates the establishment of a con- 
nection through a satellite link towards the aviation gate- 
way AvGW only after obtaining an indication of traffic. 
The SCCP layer itself, on the side of the G-MSC1 and 
AvGW, is a continuously operating connection and so 
the bridge functionality BF interrupts it so that the con- 
nection seems continuous in both directions, but it re- 
serves a satellite channel according to the invention only 
when there is need, i.e. some information to be trans- 
mitted (speech or data). The satellite connection is pref- 
erably a circuit-switched connection but, consequently, 
it is initiated only when necessary, i.e. dynamical ly. For 
example, in case of a connection establishment request 
coming from the direction of the gateway-mobile serv- 
ices switching centre G.MSC1, the bridge functionality 
BF is arranged to detect an MTPJTRANSFERJNDI- 
CATION message in response to which the bridge func- 
tionality BF initiates the establishment of a satellite con- 
nection, if such is not in use already. Typically, at the A- 
interface, the MSC decides on the use of timeslots, but 
over the satellite link the functionality is arranged in the 
bridge functionality. Furthermore, in the message trans- 
fer part gateway MTP_GW there are standard-like pro- 
tocol layers MTP2 and 3 and E1/T1 on both sides of the 
bridge functionality BF. 

[0050] On the other side of the satellite link, an avia- 
tion gateway AvGW is arranged in the aircraft, which 
gateway substantially implements the protocol conver- 
sion in the protocol used in the aircraft. An aviation gate- 
keeper AvGK (which in Figure 9 is included in the avia- 
tion gateway AvGW) is functionally connected to the avi- 
ation gateway AvGW. The aviation gatekeeper AvGK 
has a direct access interface with a GSM BSSAP pro- 
tocol layer, which are used for call control signalling at 
the satellite and A-access interfaces. The arrow from the 
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gateway-mobile services switching centre G-MSC1 to 
the aviation gateway AvGW directly through the mes- 
sage transfer part gateway MTP_GW shows how traffic 
between the AvGW and the G-MSC1 seems continuous 
and the interrupting of traffic carried out in the message 5 
transfer part gateway MTP_GW neither shows nor in- 
terferes with the traffic. Polling is preferably transferred 
to the aviation gateway AvGW through a satellite system 
control channel, e.g. channel C of the Inmarsat system. 
[0051 ] Figure 1 1 illustrates in more detail the function- 
al structure of the aviation gateway AvGW, which also 
contains the functionality of the aviation gatekeeper 
AvGK shown in Figure 10. Trie aviation gateway AvGW 
comprises a first access interface WLAN IF for giving 
and taking messages according to the protocol (here: 
WLAN) used in an aircraft. The aviation gateway AvGW 
also comprises a second access interface E1 IF for giv- 
ing messages to a satellite data transmission unit SC 
and for taking messages from the satellite data trans- 
mission unit SC. The aviation gateway AvGW also com- 
prises a multiplexer MUX or some other type of known 
converter, which interleaves the data communicated by 
terminals in the aircraft to and from a single satellite 
channel, preferably using time division so that four 16 
kbps calls can be interleaved on a single 64-kbps chan- 
nel. The channel itself, on which interleaving is carried 
out, can be, e.g. E1 timeslot. The gatekeeper application 
GK SW describes functionalities known in connection 
with the A-gatekeeper AGW for converting and control- 
ling traffic between a company network, which in this 
case is the aircraft's access network RAN, and a mobile 
communication network. The gatekeeper application 
GK SW is responsible for establishing a connection to 
a terminal or over a satellite link to a mobile services 
switching centre MSC-GW1 on the basis of messages 
obtained from the access interface E1 IF or WLAN IP. 
For example, when a subscriber in the aircraft initiates 
a call, the call arrives through the access interface 
WLAN IF to the aviation gateway AvGW, which converts 
the connection establishment request into a GSM mes- 
sage, which is included in SCCP messages to be trans- 
mitted to the mobile communication network as a 
MTP_TRANSFER_REQUEST message. The gate- 
keeper application GK SW gets the information from the 
SCCP layer about the establishment of the 
MTP_TRANSFER_REQUEST message and is adapted 
in response to the establishment of said message to in- 
itiate functionalities for opening a satellite connection 
through a ground station GES to a message transfer 
part gateway MTP_GW. It should be noted that because 
the subscriber does not move during the flight from one 
airplane to another, some of the functionalities related 
to the mobility management of the A-gatekeeper AGW 
can be left unimplemented in the aviation gateway 
AvGW. 

[0052] In the aviation gatekeeper, there is preferably 
installed a management unit O/M, which is preferably 
implemented programmably and which is functionally 



related to a database DB. The management unit O/M 
manages, e.g. alarms given by access interface cards 
and multiplexers added to the aviation gatekeeper, as 
well as alarms given by WLAN base stations (or access 
points RAP) and terminals that have come through an 
access network RAN, which are also stored in the da- 
tabase DB. The management unit O/M preferably com- 
prises an access for directing the most essential alarms 
to the aircraft's controls. The management unit O/M 
preferably comprises a functionality for generating a 
message comprising alarm and statistical data. The 
message is preferably packed in a compressed format 
and transmitted through a satellite link control channel 
and an IP network to a terrestrial management system 
at specific intervals or in response to an interrogation 
given from the management system. Terrestrial Network 
Management Systems (NMS) are known in the GSM 
system, e.g. in connection with the base station control- 
ler BSC and the mobile services switching centre MSC. 
In addition to the network management functionalities 
of the mobile communication network, the monitoring of 
the use and condition of the in-flight telephone system 
in an aircraft can be implemented in a centralised fash- 
ion, e.g. from the airline company's control centre, which 
in the example according to Figure 7 can be located in 
the airport's network AP LAN. 

[0053] The more detailed implementation of the ter- 
restrial gateway TeGW may be similar to that of the avi- 
ation gateway AvGW. Thus, it also has a multiplexer 
MUX, which time division multiplexes the outgoing calls 
to a satellite channel on the same channel , e.g. 4-8 calls, 
as was explained above. In the message transfer part 
gateway MTP_GW, multiplexing is included in the 
bridge function BF. 

[0054] This paper presents the implementation and 
embodiments of the present invention with the help of 
examples. A person skilled in the art will appreciate that 
the present invention is not restricted to details of the 
embodiments presented above, and that the invention 
can also be implemented in another form without devi- 
ating from the characteristics of the invention. The em- 
bodiments presented above should be considered illus- 
trative, but not restricting. Thus, the possibilities of im- 
plementing and using the invention are only restricted 
by the enclosed claims. Consequently, the various op- 
tions of implementing the invention as determined by the 
claims, including the equivalent implementations, also 
belong to the scope of the invention. 



Claims 

1 . A data transmission system for switching a call to a 
terminal in an aircraft over a satellite link, which sys- 
tem comprises 

a terminal (MS) to be used in an aircraft; 
a terrestrial network (G-MSC1); 
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a satellite link (GES, SAT, SC) between the air- 
craft and the terrestrial network, characterised 
in that said system comprises means (MUX, 
BF) for interleaving at least two calls on the 
same satellite channel. 

2. A system according to claim 1 , characterised in 
that said system comprises: 

a first network element (TeGW; MTP_GW) on 
the ground between the terrestrial network and 
the satellite link (GES, SAT, SC); 
a second network element (AvGW) in the air- 
craft between the satellite link and the terminal 
of the aircraft, and that 

at least one of said first and second network 
elements comprises said means (MUX, BF) for 
interleaving at least two calls on the same sat- 
ellite channel. 

3. A system according to claim 2, characterised in 
that 

at least one of said first and second network 
elements (TeGW; MTP_GW, AvGW) is arranged to 
open a data transmission connection on a channel 
of the satellite link according as there is information 
to be transmitted and to close said data transmis- 
sion connection when there is no information to be 
transmitted. 

4. A system according to claim 2, characterised in 
that said terrestrial network comprises a mobile 
communication network, which comprises a gate- 
way-mobile services switching centre (G-MSC1) 
functionally connected to said first network element 
(TeGW; MTP_GW) and a terminal (MS) of the mo- 
bile communication network, and that said terminal 
(MS) of the mobile communication network com- 
prises means for establishing a connection to said 
second network element for acting as a terminal of 
the aircraft. 

5. A system according to claim 1 or 2, characterised 
in that said means (MUX, BF) for interleaving calls 
is a multiplexer (MUX), which is arranged to time 
division multiplex at least two calls on the same 
channel of the satellite link. 

6. A system according to claim 1 , characterised in 
that said satellite link comprises call channels (E1 , 
TRAU) for transferring calls and a separate signal- 
ling channel (E1 , LAPD) for transferring the signal- 
ling related to a plurality of calls on said signalling 
channel, and the system comprises means (TeGW; 
MTP_GW, AvGW) for transferring calls on a speech 
channel of the satellite link and for transferring the 
signalling data on a plurality of calls to said plurality 
of calls on a common signalling channel of the sat- 



ellite link. 

7. A system according to claim 6, characterised in 
that the signalling data of all the calls to be trans- 

5 ferred by the satellite link are transferred on said 
common signalling channel. 

8. A system according to claim 4, characterised in 
that said first network element (TeGW) comprises 

10 means (CP2, IF4) for receiving signals from the 
gateway-mobile services switching centre (G- 
MSC1) and for transmitting to the gateway-mobile 
services switching centre (G-MSC1). 

15 9. a system according to claim 8, characterised in 
that the system comprises a first unit (GES) respon- 
sible for the control of the satellite link, and said first 
and second network elements (AvGW, TeGW, 
MTP_GW) both comprise means (CP2, IF3) for re- 

20 ceiving signals from the first unit (GES) responsible 
forthe control of the satellite link and fortransmitting 
to the first unit (GES) responsible for the control of 
the satellite link. 

25 10. A system according to claim 9, characterised in 
that said first network element (TeGW) comprises 
means (CP2, IF3, 1 F4) for initiating the opening and 
closing of a channel of the satellite link on the basis 
of signals received from the gateway-mobile serv- 
30 ices switching centre (G-MSC1 ). 

11. A system according to claim 9, characterised in 
that said second network element (AvGW) compris- 
es means (CP2, IF3, IF4) for initiating the opening 

35 and closing of the satellite link on the basis of sig- 
nals received from the terminal (MS) of the aircraft 
through the satellite link (GES, SAT, SC). 

12. A system according to claim 4, characterised in 
40 that the system comprises means (AGW, IP) for 

maintaining the data transmission connection be- 
tween said first network element (TeGW) and the 
gateway-mobile services switching centre (G- 
MSC1) in the packet-switched mode. 

45 

13. A system according to claim 2, characterised in 
that said second network element (AvGW) compris- 
es means (CP1 , IF3) for receiving signals from the 
terminal (MS) of the aircraft and fortransmitting to 

so said terminal (MS). 

14. A system according to claim 13, characterised in 
that the system comprises in the aircraft a second 
unit (SC) responsible for the control of the satellite 

55 link, and said second network element (AvGW) 
comprises means (CP1, IF4) for receiving signals 
from the second unit (SC) responsible for the con- 
trol of the satellite link and for transmitting to the 
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second unit (SC) responsible for the control of the 
satellite link. 

15. A system according to claim 13, characterised in 
that said second network element (AvGW) compris- 
es means (CP1 , IF1 , IF2) for initiating the opening 
and closing of the satellite link on the basis of sig- 
nals received from the terminal (MS) of the aircraft. 

16. A system according to claim 2, characterised in 
that said system comprises in the aircraft a short 
range wireless connection (WLAN, LPRF) between 
said second network element (AvGW) and the ter- 
minal (MS) of the aircraft. 

17. A system according to claim 16, characterised in 
that the system comprises a plurality of aircraft and 
on the ground a server (MTS) that is in connection 
with said first network element (TeGW) for control- 
ling the connections of the aircraft group formed of 
the plurality of aircraft. 

18. A system according to claim 4, characterised in 
that said second network element (MTP_GW) com- 
prises a bridge functionality (BF) for adapting the 
protocol of the mobile communication system for a 
satellite link. 

19. A system according to claim 13, characterised in 
that said second network element (AvGW) compris- 
es means (O/M, DB) for collecting and storing in- 
flight management data. 

20. A system according to claim 1 9, characterised in 
that said second network element (AvGW) compris- 
es means (O/M, DB) for transmitting the in-flight 
management data through a satellite link to a gate- 
way-mobile services switching centre (G-MSC1). 

21 . A system according to claim 4, characterised in 
that said second network element (AvGW) compris- 
es means (CP1 , MEM 1) for identifying terminals of 
a mobile communication network registered in an 
aircraft and for transmitting the identification data of 
the terminals to a gateway-mobile services switch- 
ing centre (G-MSC1) for switching the incoming 
calls to a terminal through a satellite link to the ter- 
minal located in the aircraft. 

22. A system according to claim 2, characterised in 
that data transmission on the channel of the satellite 
link is circuit-switched, and data transmission be- 
tween the first network element and the terrestrial 
network, as well as the second network element 
and the terminal is packet-switched. 

23. A system according to claim 16, characterised in 
that said terminal is a dual-mode terminal of a mo- 



bile communication system, which in addition to 
said short range connection is adapted to commu- 
nicate over a connection of the mobile communica- 
tion system. 

5 

24. A network element (TeGW; AvGW; MTP_GW) that 
is in connection with a satellite link for switching a 
call on achannel of the satellite link (GES, SAT, SC), 
which network element comprises means (IF2, IF3) 

10 for receiving information from the satellite link and 
for transmitting to the satellite link, characterised 
in that said network element (TeGW; AvGW; 
MTP_GW) comprises means (MUX, BF) for inter- 
leaving at least two calls on the same channel of 

15 the satellite link. 

25. A network element (TeGW) according to claim 24, 
characterised in that said network element (TeGW) 
comprises means (CP2, IF3) for receiving signals 

20 from a unit (GES) responsible for the control of the 
satellite link, and for transmitting to the unit (GES) 
responsible for the control of the satellite link; and 
means (CP2, IF4) for connecting the network ele- 
ment to a terrestrial network, as well as for receiving 

25 signals from the terrestrial network (GMSC1) and 
for transmitting to the terrestrial network (GMSC1). 

26. A network element (AvGW) according to claim 24, 
characterised in that said network element 

30 (AvGW) comprises means (CP1 , IF3) for connect- 
ing the network element in a functional connection 
to a terminal (MS) of an aircraft for receiving signals 
from said terminal (MS) and for transmitting to said 
terminal (MS); and means (CP1 , IF4) for receiving 

35 signals from a unit (SC) of an aircraft responsible 
for the control of the satellite link, and for transmit- 
ting to the unit (SC) of the aircraft responsible for 
the control of the satellite link. 

40 27. A method for switching a call to a terminal in an air- 
craft over a satellite link, characterised in that in 
the method at least two calls are interleaved (MUX) 
on the same channel of the satellite link. 

45 28. A method according to claim 27, characterised in 
that at least two calls are time division multiplexed 
(MUX) on the same channel of the satellite link. 

29. A method according to claim 27, characterised in 
so that the method comprises 

transferring the calls on a call channel (E1, 
TRAU) of the satellite link and 
the signalling data of a plurality of calls are 
55 transferred to said plurality of calls on a com- 

mon signalling channel (E1 , LAPD) of the sat- 
ellite link. 
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30. A method according to claim 29, characterised in 
that there are a plurality of call channels and the 
signalling data of all the calls transferred over the 
satellite link are transferred on said common signal- 
ling channel (E1 , LAPD). 5 

31. A method according to claim 27, characterised in 
that it comprises 

transmitting information relating to a call be- 10 
tween a terrestrial network and the satellite link 
(GES, SAT, SC) through a first network element 
(TeGW; MTP_GW) located on the ground, 
transmitting information relating to a call be- 
tween the satellite link and the terminal of the '5 
aircraft through a second network element 
(AvGW) located in the aircraft, and 
carrying out said interleaving by at least one 
network element of said first and second net- 
work elements as said at least one network el- 20 
ement has information relating to at least two 
calls to be transmitted towards the satellite link. 
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